<.etamin~ 1· a. mg/kg and di.azepam 0.·3 m/f/kg was used to induce anaesthesia in patients requtnng pencardtectomy. A s:gnificant r1se m blood pressure in patients receil'ing ketamine was noted: I n c~ntrast, a fall m bloo~ pressure was seen when diazepam was administered. Changes m card1ac output, cardwc mdex, central venous pressure and systemic vascular resistance are discussed.
INTRODUCTION
The incidence of tuberculous constrictive pericarditis amongst the African populatioll of South Africa, relative to other population groups, is high. Shrire (1959) described 160 cases seen at Groote Schuur Hospital Cardiac Clinic during the period 1952 -1957 , and Dayem, Wasfi, and Bentall (1967 presented the management of 26 patients with constrictive pericarditis seen at Hammersmith Hospital in Britain during the 17-year period 1948-1965 . The cardiothoracic unit at this university has performed 240 pericardiectomies in 11 years, 105 of these in the last 3 years.
The surgical treatment of constrictive pericarditis by pericardiectomy is highly successful, but the anaesthetic management is often c.omplicated by the low cardiac output and rarsed central venous pressure associated with this condition. There is often accompanying pulmonary tuberculosis. Cardiopulmonary reserve in these patients may be severely compromised because reduced ventricular filling results in a restricted cardiac output, any increase in cardiac output being achieved by an increase in heart rate. The correct choice of anaesthetic induction agent is of vital importance if haemodynamic stability is to be maintained.
Thiopentone is known to be associated with some decrease in blood pressure on induction of anaesthesia and this may be unsuitable in these cases. In the search for a more suitable agent for induction of anaesthesia in patients requiring pericardiectomy, we have compared the haemodynamic effects of diazepam and ketamine when used for this purpose, as a possible alternative to barbiturates.
METHOD
Twenty patients were allocated alternately, to two groups, A and B, of 10 patients each. Their ages ranged between 22 and 54 years. Preoperatively, all cases were assessed by one of us (HGGK) and informed consent obtained for this study. An intramuscular injection of papavaretum 0 ·15 mg/kg and hyoscine O· 2 mg was given 1 hour preoperatively. Preoxygenation for 15 minutes preceded the induction of anaesthesia in all cases. A slow intravenous infusion of a balanced salt solution was commenced to provide a route for the administration of anaesthetic agents and blood. Radial artery cannulae and central venous pressure lines were inserted under local anaesthesia.
Systemic and central venous pressures were then monitored using Statham SP 23B transducers, zeroed to the mid-axillary line, and linked to a General Electric digital monitor. Heart rate, electrocardiogram, as well as these pressure measurements, were continuously displayed.
Cardiac output was measured with an Indocyanine green dye dilution technique using a Philips XO-1000 oximeter-densitometer system connected to a Philips pen recorder. Calculations of cardiac output from traces obtained in this way, were according to the" Fore-'N -Aft" triangle formula as described by Bradley and Barr (1969) . The formula used is: mg of dye x51·4 Peak Concentration X T50 X Correction Factor Systemic vascular resistance was calculated according to the established formula: SVR Mean BP (mm Hg) x79.92
Cardiac Output (ljm) dynesjsjcm-S Blood pressure, central venous pressure, pulse and cardiac output were measured prior to the induction of anaesthesia.
Anaesthesia was induced in Group A with diazepam 0·3 mgjkg and in Group B with ketamine 1·0 mgjkg. Intubation was achieved using alloferin 0·25 mgjkg intravenously. Similar measurements were again made 2 minutes after the administration of the induction agent. During this time patients continued to breathe spontaneously on 100% oxygen. Recordings were again taken 5 minutes after endotracheal intubation. After the last recording had been made, the patients were given Fentanyl 0·1 mg, which was repeated as required. The patients were ventilated with a 50% oxygen: nitrous oxide mixture during the operative period. Controlled ventilation with air : oxygen mixtures continued after operation in the intensive care unit.
Blood gases were routinely assessed 5 minutes after tracheal intubation.
Confirmation of the clinical diagnosis of constrictive pericarditis was made at the time of operation. Cases with evidence of cardiomyopathy were eliminated from the study. Statistical analysis of the results involved the use of Student's "t" test for the difference between two sample means.
RESULTS
The mean control cardiac output of the 20 cases was 3 ·15 litresjminute, which agrees with a previous study from this department, (Coleman et al. 1973) . Changes in cardiac output seen within each group are shown in Figure l. Recordings of cardiac output and cardiac index (Table 1) were unaltered by drug administration in either group, but ketamine appeared to sustain cardiac output whereas there was a progressive tendency for the cardiac output to fall after the administration of diazepam. When the change in cardiac index, which occurred within each group, was compared at 2 and 5 minutes ( Figure 2 ), no significant change was noted at 2 minutes, but the difference at 5 minutes was statistically significant (P<O·Ol). No important changes in pulse rate were noted after ketamine or diazepam ( Figure 3 ). Variations in blood pressure are indicated in Table 2 . After ketamine administration, patients exhibited a significant rise in mean blood pressure 2 minutes after the administration of the drug (P <0' 05), whereas those receiving diazepam showed a significant fall in mean pressure at 2 minutes after the drug administration and 5 minutes after tracheal intubation (P < 0 ·05 in each instance). The differences between the rise in blood pressure seen with ketamine and the fall in blood pressure with diazepam both at 2 and 5 minutes, were highly significant (P < 0 . 001 and P < 0 ·005 respectively). The changes in blood pressure between Group A and Group B are represented diagramatically in Figure 4 . No significant alterations in central venous pressure were observed (Table 3) , nor was any attempt made to keep this constant since the aim of the study was to assess clinically the response of our patients to the induction agent.
Systemic vascular resistance changed insignificantly in both groups, although a slight rise in systemic vascular resistance following ketamine and a slight fall in systemic vascular resistance after diazepam administration, was evident ( Figure 5 ). However, the difference between the rise in systemic vascular resistance with ketamine compared to the fall in systemic vascular resistance noted after diazepam injection was highly significant at :2 minutes only (P<0·005). Table 2 ), and level of significance (ketamin vs diazepam) indicated.
DISCUSSION
Both ketamine and diazepam have been recommended as anaesthetic induction agents in high risk patients (Bond and Davies 1974) and Baker (1969) . In an investigation of the cardiorespiratory effects of ketamine, Savege, Blogg and F oley (1973) , demonstrated affects which may be beneficial to the patient in situations of cardiovascular instability, namely an increase in blood pressure, cardiac output, pulse rate, systemic vascular resistance and central venous' pressure. Similar results have been obtained in experiments on dogs by Folts, Alfonso and Rowe (1975) . Changes in blood pressure seen 2 minutes after drug administration and 5 minutes after intubation.
Key to significance of change from control within each group: * P<0'050, ** P<O·OIO, t P<0·005.
In contrast, diazepam has been shown to have potentially undesirable effects, especially on arterial blood pressure which has been shown to decrease. Dixon et al. (1973) and Dalen et al. (1969) in an assessment of the cardiorespiratory effects of 5-10 mg diazepam administered intravenously to 15 patients (12 of whom had rheumatic heart disease), found an insignificant decrease in mean arterial pressure, but 3 of these patients (25ffi) showed evidence of a decrease in cardiac output and cardiac index, although they initially showed a high cardiac index (3 ·51;m 2 ). The 9 patients with normal control levels of cardiac output and cardiac index, showed no change after drug administration. Abe!, Staroscik and Reis (1970) , however, following cardiac surgery in dogs, have reported a significant decrease in mean arterial pressure.
Our study of patients with constrictive pericarditis who received ketamine, produced results similar to those of Savege et al. (1973) , while investigating patients whose cardiovascular systems were stable. A significant fall in blood pressure was noted, both at 2 and 5 minutes, in those patients who received diazepam, which differs from the findings reported from Dalen et al. (1969) . The decrease in blood pressure noted 5 minutes after tracheal intubation in the diazepam series is of particular importance since the haemodynamic consequences of laryngoscopy and intubation should still be present at this stage. In addition, the cardiac index was reduced at 2 minutes (11 %) and 5 minutes (15%) in these patients. Thus the 8% rise in cardiac index after the administration of ketamine, compared with the 15 % H. G. G. KINGSTON ET AL. fall in cardiac index after diazepam, was highly significant (p<0·0l). Our patients, with constrictive pericarditis, tend to seek medical attention late in their disease. Some may present for surgery on the verge of cardiogenic shock (Cardiac index <1· 7 11m2) (See Table 1 ). The agent chosen for induction must, therefore, maintain myocardial function and systemic vascular resistance as near normal as possible.
Ketamine and diazepam used as induction agents for pericardiectomy produce changes similar to those already demonstrated in normal man and dogs but the significance of these changes in constrictive pericarditis is clearly different. Keither drug studied here emerges as an "ideal" induction agent for pericardiectomy. Blood pressure, cardiac output and systemic vascular resistance are increased with ketamine. Thus it could be argued that in the patient whose cardiac status is compromised, these changes may not be beneficial, since the tachycardia caused by ketamine (not apparent in this study) and the thereby decreased ventricular filling time, could be harmful in these patients. In addition, the increased afterload, due to peripheral vasoconstriction caused by this agent, added to the increased oxygen consumption of the heart because of tachycardia, are further undesirable features. Cardiac output and blood pressure in these patients were nevertheless well maintained.
Patients who received diazepam demonstrated a decrease in cardiac index and blood pressure. This may be acceptable in terms of myocardial oxygen requirements under anaesthesia, but 3 of the 10 patients investigated here became markedly hypotensive demanding vigorous rseuscitation and rapid intravenous transfusion of fluid.
We therefore conclude that ketamine, although not ideal in every respect, represents an acceptable and useful agent for induction of anaesthesia in patients requiring pericardiectomy and is probably superior to diazepam for this purpose.
